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The Portrait of Dora Maar (92 cm×65 cm) painted by 
Pablo Picasso (1937) is an aesthetic masterpiece in the 
world (Brigitte, 1996). Picasso paints Dora seating on a 
chair in frontal view with an off-set profile and disjunctive 
facial features (André, 1976): that is, Dora’s nose becomes 
an extension of her face on which the “far” eye is seen 
looking straight at us. Why did Picasso paint his lover Dora 
in such a tortured style? 
As we know, peripheral vision, as opposed to central vi-
sion, occurs outside the center of gaze (He and He, 2014). 
Identifying objects from the corner of one’s eye is possible 
in isolation but difficult in a cluttered environment (Yeo-
tikar et al., 2011). An inability to recognize objects resulted 
from clutter in peripheral vision is a phenomenon known as 
“crowding” (Bi et al., 2009). Here, we uncover how the 
inner-outer asymmetry (Whitney and Levi, 2011) of 
crowding effect on our perception of the disjunctive human 
appearance results in a perfect illusion in peripheral vision. 
To understand the disjunction of Dora, we considered the 
portrait in different ways. Firstly, looking directly at Dora’s 
face, one sees her tortured appearance in frontal view. But, 
when the sight line is shifted away from her face and to the 
fixation point as indicated in Figure S1, a miracle seems to 
occur. The disjointed face is transformed in the illusion of a 
normal and beautiful face in the peripheral visual field. Do-
ra’s cheek appears vivid and round, forming a 3D-like im-
age in our visual background. Picasso painted Dora on a 2D 
canvas, and was apparently able to perceive her 3D-like 
appearance in peripheral vision. 
Peripheral vision is the work of the rods, nerve cells lo-
cated largely outside the macula (the center) of the retina. 
The rods are also responsible for night vision and low-light 
vision but they are insensitive to color (Curcio et al., 1990). 
We decolorized the portrait of Dora (black and white) to 
prevent the oil colors from interfering with observation 
(Figure S2 in Supporting Information). To demonstrate the 
effect of peripheral vision, we recruited 30 participants (15 
male; 15 female). First, each participant looked at Dora on 
screen from the frontal view for 5 s (Figure S2a in Support-
ing Information). A group of three portraits was then shown 
to participants (Figure S3, i, ii, iii, iv, v and vi, randomly 
assigned in Supporting Information) and they were asked to 
select the portrait that best matched what they had seen in 
their foveal vision. Each of them picked the tortured Dora 
out (Figure 1A, T). This, as a control task, confirmed that 
all the participants had normal vision and visual processing 
to recognize Dora’s tortured appearance. 
Participants were then asked to move their foveal vision 
onto the fixation point as shown in Figure S2b, and stare at 
the point for 5 s, to perceive Dora in the peripheral field. 
Participants were then asked to select from a random group 
of three portraits what they had seen in peripheral vision 
(Figure S3 in Supporting Information). Twenty-seven par-
ticipants picked the “normal” Dora out (Figure 1A, N). 
Three participants hesitated in their selection (Figure 1A, 
H). However, after they were explained how to perceive the 
portrait with their peripheral vision again, these three par-
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Figure 1  From tortured to normal appearance with peripheral vision. Different Dora portraits in tortured (T), normal (N) and dished (D) appearances were 
respectively used in the peripheral visual tasks as described in Supplementary Information. A, Participants were asked to look directly at Dora in Figure S2, 
and choose the matching image from one of the three portraits in Figure S3. All participants picked the tortured portrait out (T). Then, they were asked to 
move their foveal sight onto the fixation point to perceive Dora in their peripheral vision. 28 of them picked normal portrait out (N) and two of them hesitat-
ed (H) to give their answer in the task. B, When the normal Dora was presented in frontal view, all participants correctly identified the image (N). 27 partic-
ipants perceived a dished Dora (D) on peripheral view when the normal Dora was used in frontal view. Three of them hesitated to pick the portrait out (H). 
Participants (n=30) were divided into three groups and asked to look a perfect circle at the fixation point for 5 s (Figure S5B). The three groups were re-
quested to identify the objects from questionnaires in Figures S6, S7 or S8. They were asked to choose the object most similar to what they had perceived in 
peripheral vision. Objects identified by three groups (C), all participants (D), female and male participants (E) are depicted as indicated, respectively. 
ticipants also chose the normal Dora. No participants chose 
the dished portrait (Figure 1A, D). Note that any attempting 
the subjects to choose the option is not allowed. These 
results point to the 3D-like illusion that results from percep-
tion in peripheral vision of the disjointed Dora. 
In order to investigate why peripheral vision results in 
the disjointed Dora being perceived as having a normal fa-
cial structure, we used a portrait of the normal Dora as an 
examinational object (Figure S4a in Supporting Infor-
mation). As a control task, all participants confirmed that 
the Dora perceived in their foveal vision was the normal 
Dora, and not the tortured one (Figure 1B, N). However, 
when perceived in the peripheral visual field using the fixa-
tion point (Figure S4b in Supporting Information), 28 par-
ticipants selected the dished portrait of Dora as the image 
that best matched the one they had perceived (Figure 1B, 
D), a portrait in which Dora’s left cheek has a concave ap-
pearance. Two of them hesitated to select an image (Figure 
1B, H). They, however, also chose the dished portrait after 
having the task re-explained. No participants selected the 
tortured portrait at this time (Figure 1B, T). The concave 
illusion of an object perceived in peripheral vision may be 
resulted from the inner-outer asymmetry of crowding ef- 
fect (Whitney and Levi, 2011). Picasso’s precise rendering 
of Dora Maar in a tortured structure compensates the eccen-
tricity (asymmetry) of human peripheral vision (Levi and 
Carney, 2009; Strasburger et al., 2015). 
To clarify whether the asymmetry effect is related with 
the perception as described by Whitney and Levi (Whitney 
and Levi, 2011), participants were asked to look at a circle 
on the screen in the peripheral field (Figure S5a in Support-
ing Information). The object observed in foveal visual re-
sulted in all participants correctly identifying a perfect cir-
cle. After looking at the circle, different shapes were shown 
to participants on a questionnaire and they were asked to 
choose which one was most similar to what they had per-
ceived in peripheral vision (Figure S5b in Supporting In-
formation). To exclude interference by the recognition of 
object positions, we divided the participants into three 
groups (10 people in each). Three separate questionnaires 
(Figures S6, S7 and S8 in Supporting Information) were 
used for the first, second and third group, respectively. 
When asked to select what they had seen in peripheral vi-
sion (Figure 1C), 23, five and two of the participants identi-
fied object h, object f and object b (Figure 1D), respective- 
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ly. Object h was most selected by participants in all groups 
(horizontal axis was suppressed to 85% compared with the 
perfect circle). No participants picked the other objects (a, c, 
d, e, g, and i) under the trial conditions. No significant dif-
ference was observed between male and female in their pe-
ripheral visual perceptions (P＞0.05) (Figure 1E). The three 
objects (h, f, and b) were concaved at the nasal side of the 
circle but not the temporal side. This demonstrated that the 
eccentricity occurs in the nasal peripheral field, which is the 
same side as Dora’s disjointed nose and left eye. Picasso 
painted the tortured Dora with a wider face at our nasal side, 
which counteracts the asymmetry perception with peripheral 
vision. 
Picasso painted the Portrait of Dora Maar with thick 
lines, clear-cut structure, and in bright color, which lets us 
perceive a vivid Dora (Shen et al., 2015). He gives Dora an 
extended nose and cheek to compensate for the asymmetry 
crowding effect of peripheral vision as described by Whit-
ney and Levi (Whitney and Levi, 2011). However, as we 
think, the mechanism should be more complicated. The 
poor spatial resolution in peripheral vision and surround 
suppression may be also involved in the perception of the 
disjunctive Dora. The detailed mechanism needs to be fur-
ther investigated. With a master’s talent, on a 2D Picasso 
has painted a portrait that appears vivid, illusively full and 
3D-like appearance in peripheral vision. In short, whether 
peripheral vision results in the illusory perception of a nor-
mal object depends upon the structure of the visual object. 
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